Introduction
Renal organogenesis is the result of a molecular dialogue between two tissues: the epithelial ureteric bud (UB) and the metanephric mesenchyme (MM). It has been shown that secretion of Gdnf by MM cells induces the UB to sprout from the Wolffian duct and invade the MM. The UB progressively elongates and undergoes branching in a dichotomous manner. Nephron formation occurs via condensation and mesenchymal-epithelial transformation of MM cells near the tips of the UB. The functional nephron is achieved when capillaries invade the glomerular anlagen. Gene targeting in the mouse has identified multiple genes that are involved in this process, but the factors that regulate branching of the UB, and thus determine final nephron number, remain to be completely understood.
Vascular endothelial growth factor (Vegfa or Vegf), is one of the best characterized angiogenic/vasculogenic factors that is involved in endothelial cell proliferation, migration, and differentiation (Ferrara, 2004) . The Vegf gene gives rise to several alternately spliced Vegf isoforms that vary in their biological properties, tissue distribution and receptor utilization. Of these isoforms, the one believed to play the most important role in endothelial cell function is VEGF-165 (and the corresponding mouse ortholog, Vegf-164). VEGF-165 binds to two receptor tyrosine kinases, FLT1 and FLK1, also known as Vegf receptor-1 and -2, respectively. In addition, neuropilin1 (Nrp1) can serve as a co-receptor for Vegf and thereby augment 0925-4773/$ -see front matter Ó 2008 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.mod.2008.12.003 signaling via Flk1. Semaphorin competes with Vegf for binding to Nrp1, and itself activates a distinct signaling response via Nrp1-plexin receptor complex. (Soker et al., 1998) .
It is well accepted that Flk1 mediates the recruitment and migration of angioblasts toward Vegf sources, whereas Flt1 appears to buffer that stimulation. Nrp1 reinforces Flk1 function by inhibiting Flt1 and/or presenting Vegf more efficiently to Flk1 (Ferrara, 2004) . Recently both Flt1 and Flk1 expression has been demonstrated in epithelial cells from different segments of the mature nephron. Prominent staining for Flt1 is seen in the proximal tubule, while Flk1 is present in glomerular endothelial cells, distal tubule and collecting duct (Kanellis et al., 2000) , overlapping the Vegf mRNA distribution described by Roberts et al. (Robert et al., 2000) . In the developing kidney, Gao et al. have shown by in situ hybridization that Vegf mRNA is present at low levels in the UB and the MM, with higher expression in developing tubular structures (Gao et al., 2005) .
Tufro and co workers while studying Vegf mediated vasculogenesis in the developing kidney observed proliferation of the tubular cells in VEGF treated embryonic kidney cultures (Tufro et al., 1999) . Recently, using whole embryonic kidney cultures, Gao et. al., reiterated this finding and demonstrated that VEGF modulates UB branching. They attributed this to an indirect effect of Vegf on endothelial precursors (Gao et al., 2005; Tufro et al., 1999) . However, our previous work in cultured renal tubular cells demonstrated that Vegf could directly activate tubular epithelial cell branching. We showed that renal tubular epithelial cells originating from either the collecting duct or proximal tubule express Vegf receptors, and that Vegf can stimulate tubulogenesis and sheet migration in these cells in an Erk, PI3-K and PKC dependent fashion (Karihaloo et al., 2005) . More recently, crosstalk between the Vegf/Flk1 and Gdnf/Ret signaling pathways has been proposed, suggesting yet another potential mechanism for Vegf in the developing kidney (Tufro et al., 2007a,b) .
Using explant culture of embryonic kidney and isolated UB, we now demonstrate that VEGF can directly modulate UB branching in vitro. First, we demonstrate that cells derived from the UB express Flt1, Flk1, Nrp1 and Nrp-2, and that Vegf induces in vitro tubulogenic responses in these cells. Furthermore, expression of Flk1 was confirmed in UBs isolated from E13.5 rat kidneys and in UBs dissected by laser capture microscopy, from E15.5 mouse metanephroi. Finally, Vegf is shown to directly stimulate branching in an isolated UB in the absence of any mesenchymal components. These studies suggest that Vegf can act to directly regulate epithelial morphogenesis in the developing kidney, and thus may serve to coordinate tubule and vascular development during nephrogenesis.
2.
Results and discussion
VEGF increases UB branching in Flk1 dependent manner
Rat E14.5 kidney rudiments were isolated and cultured as described in the Methods. Experiments were conducted in a paired fashion where one kidney from the embryo was used as the control and the contra-lateral kidney subjected to experimental perturbations. Similar to the results of Tufro and colleagues as well as Gao et al. (Gao et al., 2005; Tufro et al., 1999) , addition of exogenous recombinant Vegf-165 (1 or 100 ng/ml) to intact explants for 48 h increased UB branching by 20-30% compared to vehicle (Fig. 1A, quantified in 1B) .
It is known that the embryonic kidney secretes Vegf in culture. To determine if endogenously produced Vegf normally modulates UB branching, soluble Flt1 (sFlt1) was added to the culture medium. This resulted in significantly decreased UB branching. Similarly, the addition of a neutralizing antibody directed against Flk1 (100 ng/ml, R&D systems) resulted in more than a 40% decrease in UB branching (Fig. 1C , quantified in 1D). Taken together these data demonstrate that endogenously produced Vegf stimulates UB branching in Flk1-dependent manner.
UB cells express Vegf and Vegf receptors
Although studies by other groups have argued that Vegf effects on UB branching are likely to be indirect, our earlier work in isolated epithelial cell lines supported the possibility that Vegf may act directly in some epithelial cells to stimulate branching morphogenesis. To address this possibility in the UB, we first utilized a cell line derived from the ureteric bud (UB cells). These cells have been shown to secrete several factors that can induce nephron formation in an isolated metanephric mesenchyme (Barasch et al., 1999; Mori et al., 2003) , Fig. 1 -VEGF stimulates UB branching in rat metanephric organ cultures. Rat E14.5 kidneys were cultured in the presence or absence of VEGF-165 (A), sFlt or Flk1 neutralizing antibody (C), as explained in Section 3 *** . Cultures were fixed and labeled with UB specific lectin Dolichos biflorus to visualize the UB branching. Panels B, and D show quantification of UB terminal branches and percent change with respect to vehicle treated controls. Exogenous addition of VEGF stimulated UB branching that was stunted by sFlt-1 that binds secreted VEGF with high affinity. Similar results were observed with neutralizing Flk1 signaling. Statistical significance was calculated by Student's t-test. p < 0.001. suggesting that they indeed retain the properties of the UB. Another advantage of this cell line is that compared to whole organ, it is free of any endothelial precursors such as angioblasts. RNA and total protein was isolated from these cells and RT-PCR and/or Western analysis carried out for Vegf, Nrp1, Flk1, Ecad (epithelial marker), Hprt1 (house keeping gene), Pax2 and Ret (UB marker). Consistent with their UB derivation, these cells were found to express the mRNA for Ecad, Pax2 and Ret ( Fig. 2A) . In addition, UB cells express the message for Vegf and Flk1. Furthermore the expression of Flk1, Flt1, and Ret was confirmed by western analysis (Fig. 2B-D) . In order to determine that the Flk1 expressed by these cells was indeed functional, cells were serum starved overnight and then stimulated with 50 ng/ml of VEGF-165 for 15 min. Protein (40 lg) was analyzed for activation of Akt (downstream effector of PI3-kinase) and Erk1/2. Our laboratory as well as others have previously shown that activation of these signaling pathways following Flk1 stimulation is important for renal epithelial tubulogenesis (Karihaloo et al., 2005 (Karihaloo et al., , 2001b . Vegf treatment resulted in moderate but sustained phosphorylation of both Akt and Erk1/2, demonstrating that the Vegfr is expressed and normally activated by Vegf treatment in UB cells ( Fig. 2E-G ).
VEGF-165 induces a tubulogenic response in UB cells
To determine the morphogenic consequence of Vegf stimulation of UB cells, an in vitro tubulogenesis assay was performed as described in the Section 3. UB cells suspended in a collagen-Matrigel mixture and treated with vehicle control (0.1% BSA) primarily formed cyst-like structures (Fig. 3A) . In contrast, VEGF stimulated branching morphogenesis in these cells with either cord or tubule-like structures clearly evident by day 5 in culture ( Fig. 3B and C ). There was a dose-dependence of the Vegf effect with 200 ng/ml evoking the greatest branching/tubulogenic response ( Fig. 3C , quantified in 3D). Interestingly, 300 ng/ml of VEGF did not result in any significant process formation compared to control cells.
In summary, the UB cells express both Vegf and its receptors that signal and induce a morphogenic response to Vegf, suggesting an autocrine role for Vegf. The fact that untreated cells do not undergo tubulogenesis even though the cells express Vegf may indicate that endogenously secreted Vegf never reaches levels necessary to induce tubulogenic response.
Vegf and Vegf receptor expression in the ureteric bud
The data from the immortalized UB cell line support the possibility that Vegf can directly act on the UB to stimulate branching. To establish that primary UBs express the Vegf receptors, laser capture microdissection for cell-specific RNA isolation was performed on UB tips from sections of an E15.5 mouse embryonic kidney ( Fig. 4A and B) . RT-PCR of this RNA confirmed the presence of mRNA for Flk1 as well as the UB marker Ret (Fig. 4C) . No Pecam1 expression was observed (data not shown).
To further establish that Vegf receptors are expressed in the developing UB, UBs were isolated from E13.5 rat metanephros as previously described (Karihaloo et al., 2001a) . UBs (20-40) were isolated and pooled for RNA extraction. RT-PCR was performed to determine the expression of Vegf, Nrp1, Flk1, Ecad, Ret and their expression compared to E17.5 RT-PCR was performed on RNA derived from UB cell line and expression of Vegf, Nrp1, Flk1, Ecad, Pax2 and Ret determined. Hprt1 was used as a control for input RNA. Protein expression was determined for Flk1 (B), Flt1 (C) and Ret (D). Receptor function was determined by assessing the signaling pathways involved in branching tubulogenesis. VEGF stimulated Erk1/2 and PI3K/Akt pathways (E, quantified in F and G, respectively) n = four experiments. * p < 0.001, ** p < 0.05. Cells were suspended in 3D-matrix as described in Section 3. Compared to vehicle control significant branching process formation was observed in the presence of 50 ng/ml of VEGF (B) that was more pronounced at 200 ng/ml dose (C). Quantification of number of processes/cell at 48 h is shown in panel D. Statistical significance was determined using Student's t-test. * p < 0.001 and ** p < 0.0001 compared to vehicle (0.1% BSA) control. Fig. 4 is data from a representative experiment. From isolated UBs we detect the presence of Vegf, Flk1, Ret and Pax2 mRNA (Fig. 4D ). Weak Wnt11 expression was observed as well (data not shown). Importantly no contamination from endothelial precursors was detected as determined by the lack of Pecam1 expression. As expected, Vegf and its receptors, as well as Pecam1 were present in the whole metanephros (Fig. 4E) . Vegf expression in the isolated UB was lower compared to whole metanephros. However, we could not detect Nrp1 expression.
metanephroi (positive control). Shown in

2.5.
UB tip cells express low levels of Vegfr protein E13.5 mouse embryonic kidney sections were immunostained for Vegfr-2. Fig. 4F (i) shows DBA stained UB while 4F (ii) shows Vegfr2 staining. Fig. 4F (iii) shows the merged image. Vegfr2 staining was observed mostly on the apical side of the UB cells with some basolateral markings as well. Insets show magnified view of the UB region. However, it should be noted that the Vegfr2 immunostaining could not be detected using traditional staining methods. The signal had to be amplified using Tyramide system as explained in the methods section. Taken together, these data demonstrate that cells of the UB express the message and a low-level protein expression for Flk1.
VEGF induces branching in isolated UB
Having established in vivo (laser capture) and in vitro (cell line and freshly isolated UBs) evidence for expression of Vegf receptors in UB, we hypothesized that VEGF can directly modulate branching tubulogenesis in UB. Accordingly, isolated UBs were cultured as explained in the methods for up to 12 days in DMEM/F12 + 5% FBS ± VEGF-165 (200 ng/ml). Compared to vehicle control (0.1% BSA) UBs cultured in the presence of exogenously added VEGF exhibited exaggerated branching morphogenesis at both the UB tips and along the stalk (Fig. 5 shows representative pictures from two of the four separate experiments). Consistent with the results in immortalized UB cells (Fig. 3) , the optimal effect was achieved at 200 ng/ml of VEGF while 300 ng/ml was either ineffective or had an inhibitory effect on the branching of the UB (discussed later). The control group did not undergo as much branching as has been reported by other labs (Qiao et al., 2001) , possibly due to the lack of conditioned medium from mesenchymal cells in our culture system.
In light of the presence of Vegf mRNA in both isolated UB cells and microdissected UBs, a possible autocrine effect of Vegf in this explant model was explored by determining the concentration of Vegf in the UB supernatant. The UBs were suspended in a Matrigel matrix with DMEM-F12 + 5% FBS, 100 ng/ml of GDNF and 50 ng/ml of FGF1 for 2 days, followed by serum-free medium for another 24 h. One group of UBs was grown under room air and the other set under hypoxic conditions (3% O 2 ). The conditioned medium was analyzed for Vegf using ELISA (R&D systems) as explained in the Section 3. UBs secreted 3.26 ± 0.6 and 6.0 ± 1.13 ng/ml (n = 3 experiments and a total of 7 UBs) of Vegf under normoxic and hypoxic conditions, respectively. This suggests that the Vegf level achieved in the isolated UB explant culture is below that required for stimulation of UB branching, although it is possible that the local concentration of Vegf in the immediate vicinity of the cell membrane is greater.
Higher dose of Vegf exerts inhibitory effects
While performing the branching assays we noticed that 300 ng/ml of Vegf did not induce any process formation in the UB cells or isolated UBs. In fact it was inhibitory compared to 50 or 200 ng/ml dose. Knowing that Erk1/2 and PI3-K pathways are required for Vegf-mediated morphogenic responses (Karihaloo et al., 2005) we next examined signaling response in UB cells at higher dose of Vegf. It is very interesting to note that 300 ng/ml of Vegf failed to induce any significant Erk1/2 or Akt phosphorylation ( Fig. 6A and C) . Densitometric analysis for phosphorylated Erk1/2 and pAkt from three independent experiments is shown in Fig. 6B and D, respectively. In accordance with these observations, no significant UB branching could be observed with 300 ng/ml of Vegf at 48 h or beyond (Fig. 6C) . It is also interesting to note that Vegf induced proliferation of UB and mouse proximal tubule (MPT) cells at much lower dosage (0.5-10 ng/ml) that did not change with increased dosage (data not shown). The signaling mechanism for these observations needs further investigation that is beyond the scope of the current study. This may however explain, at least partly, why such a fine balance of Vegf is required in vivo wherein both knockout and over-expression lead to similar phenotypic outcomes.
The exaggerated UB branching in response to exogenously added high doses of VEGF suggests that in vivo inhibitors that prevent such extensive branching of the UB are likely to exist and may regulate Vegf's actions. It is possible that the endogenous level of Vegf produced is too low to induce this exaggerated UB branching response seen in vitro. Alternately, as has been recently demonstrated by Tufro et al. (2007a) , Vegf (exogenously added pharmacological dose) may be exerting its effects indirectly or cooperatively via activation of the GDNF receptor, ret and Vegfr2. That may potentially explain the ectopic-like branching of the UB seen in Fig. 5 . However, it is technically difficult to determine phosphorylation status of any protein, particularly receptors, in the cultured UBs. Hence such a possibility remains speculative.
Despite the fact that we do not see any evidence of contaminating endothelial cells in isolated UBs, it is difficult to completely rule out the possibility that an undetectably small number of endothelial precursor cells were present. It should be noted, however, that mice lacking Flk1 specifically in the UB do not show any apparent abnormalities in a developing kidney (personal communication, Kreidberg). One conclusion would be that either Vegf is not critical for UB branching in vivo or a redundant pathway exists that compensates for the lack of Vegf. One could also speculate that in the absence of Flk1, Flt1 acts as the functional Vegf receptor. However, it may require more extensive characterization of these kidneys. For example HGF receptor Met has been shown to play a role in the Ub branching in explant cultures. The knockout Fig. 6 -Higher dose of Vegf is inhibitory: UB cells were stimulated with 50, 200 or 300 ng/ml of Vegf-165 or vehicle (0.1%BSA/PBS) for 15 min and lysates immunoblotted for phosphorylated and total Erk1/2 and Akt (A and C, respectively) with densitometric analysis performed using NIH image, on data pooled from three independent experiments (B and D). UBs were cultured for 48 h in the presence of vehicle control 200 or 300 ng/ml of Vegf as explained in Methods (Ei-iii). Images were taken at 10·. mice were thought to have no developmental defects. However, a more detailed characterization by our laboratory has revealed a 30% decrease in the total nephron number in Met À/À mice (Ishibe et al., 2009) . Furthermore, to conclusively rule out any important role of VEGF in vivo, would require knocking out of both Flk1 and Flt1 that is beyond the scope of this study. In summary, we provide evidence that Vegf receptors are expressed in the UB and that VEGF can directly act by inducing morphogenic response in UB -the epithelial component of a developing kidney. The response seems to be tightly regulated by the amount of Vegf available. These data further support the growing idea that Vegf has extra-endothelial roles. However, it should be noted that these data do not negate the earlier findings that provide evidence for alternate mechanisms (via endothelial cells or their precursors) for the actions of Vegf on epithelial tissues (Gao et al., 2005; Tufro et al., 2007a) .
3.
Materials and methods
Embryonic kidney organ culture
Sprague-Dawley rat metanephroi were microdissected from E14.5 embryos and cultured on top of a 0.4 lm trans-well filter in a serum free defined medium (DMEM-F12 + ITS + prostaglandin E1 25 ng/ml, and T3 32 pg/ml). Medium was changed on alternate days. Explants were paired for control and experimental groups. Cultures were grown at the liquid-gas interface at 37°C for 2-5 days.
Visualization of the ureteric tree
At the end of the experiment, the metanephric cultures were fixed in 2% paraformaldehyde on ice for 15 min and then incubated for 30 min at 37°C with 50 mM NH 4 Cl to reduce background due to any free aldehyde groups. Following this, metanephroi were washed in PBS and then incubated for 30 min in buffer containing 0.1% Saponin, 1% gelatin, 1 mM MgCl 2 and 0.1 mM CaCl 2 . Metanephroi were then incubated in the same buffer with FITC conjugated Dolichos biflorus (1:80 dilution) for 1 h at 37°C followed by washing in the buffer alone and mounting. Pictures were taken at 4· magnification with a Nikon Eclipse microscope using a Spot camera.
3.3.
Ureteric bud isolation and culture
UBs were isolated from Sprague-Dawley rat E13.5 metanephros as described earlier (Karihaloo et al., 2001a) . Briefly, E13.5 kidneys were incubated with trypsin (Worthington biochemicals) at 1 mg/ml + 5 lg/ml of DNAse-I for 15 min at 37°C. Trypsin was inhibited with trypsin inhibitor (Sigma) (1 mg/ml) containing DNAse-I, for 10 min at 37°C. UBs were then mechanically separated from the loosened mesenchyme under high power dissecting microscope. UBs were cleaned of any surrounding tissue, suspended in 100 ll of Matrigel (BD Biosciences) and plated on top of a 0.4 lm transwell filter at gas and medium interface. The bottom well contained DMEM-F12 supplemented with 5% FBS ± VEGF-165 (200-300 ng/ml). VEGF was replaced every day during the duration of the experiment. UBs were cultured up to 12 days. Cultures were photographed at 10·. Each group contained 4-6 Ubs. Four separate experiments were performed.
3.4.
Quantitation of Vegf levels in conditioned medium from cultured UBs Two to three Isolated UBs were cultured/well in Matrigel as explained above. After 2 days of culture, Ubs were cultured without serum but in the presence of growth factors, for another 24 h. Medium was then collected, spun down at 3000 rpm to remove any particulate matter and Vegf levels in this conditioned medium or DMEM/F12 alone measured using ELISA per manufacturer's instructions (R&D Systems) and described previously (Maynard et al., 2003) . Briefly, the conditioned medium samples were diluted in 0.1% BSA/Trisbuffered saline and were incubated in a 96 well plate with a capture antibody directed against Vegf for 2 h. Following three washes with 0.05% Tween 20/PBS, the plates were incubated with secondary antibody against Vegf conjugated to horseradish peroxidase followed by addition of the substrate solution. Optical density was determined at 450 nm. Triplicate samples from three separate experiments were analyzed and data presented as means ± SEM.
3.5.
Cell culture
Immortalized UB cells were maintained at 33°C in DMEM-F12 with interferon-c (Ifn-c, 50 U/ml) and 10% FBS, under nonpermissive conditions. Cells were switched to 37°C Ifn-c free DMEM-F12 and 10% FBS for at least 6 days before any experiments were performed.
Protein analysis
Cells were grown to sub-confluence, serum starved overnight, and where mentioned, stimulated with 50, 200 or 300 ng/ml of VEGF for 15-30 min. BSA/PBS (0.1%) was used as a vehicle control. Cells were lysed in RIPA buffer, and 40 lg of protein subjected to SDS-PAGE and immunoblotted for phospho-Erk1/2 and phospho Akt (Cell signaling Technology Inc.). Lysates were also immunoblotted with anti-Flt1, anti-Flk1 and c-Ret antibodies (R&D systems). Where necessary, blots were stripped and re-probed for b-actin (Sigma) to check for equal protein loading. Densitometry was performed (using NIH Image-J) on immunoblots obtained from separate experiments, pooled values averaged and plotted as arbitrary units.
3.7.
Branching morphogenesis assay
Branching assay was performed as previously described (Karihaloo et al., 2005) . Briefly, cells were trypsinized and 1.5 · 10 4 cells/ml suspended in 70:30 mixture of collagen type I (BD Biosciences) and Matrigel (Upstate Biotechnology) and plated in triplicate wells of a flat-bottomed 96 well plate. Experiments were done at least in triplicates. Cells were cultured in DMEM/F12 + 0.5% FBS + 50-300 ng/ml of Vegf-165 (R&D systems) or 0.1% BSA (vehicle control). Initial process formation was assessed at 48 h by screening processes/cell in random 5 high power fields. Data from three different experiments (n = 9 wells) was pooled and data expressed as average number of processes/cell.
RT-PCR
RNA was isolated from sub-confluent cells using RNA-STAT 60 (Tel-test Inc., TX) as per manufacturer's instructions. For assessing gene expression in isolated UBs, 20-40 UBs were pooled and RNA isolated after shearing with a 27-gauge needle. Gene expression of Vegf and its receptors along with UBspecific genes Ret and Pax2 was assessed. Briefly, 1 lg of total RNA was reverse transcribed in 20 ll of reaction mix as per the manufacturer's instructions (Superscript III, Invitrogen). PCR was then carried out for 30 cycles at 94°C denaturation for 30 s, 60°C annealing for 30 s and 72°C extension for 1 min. RT-PCR with Hprt1 primer was used to monitor housekeeping gene expression. The following sets of primers were used.
RT-PCR was performed on three separate batches of UBs isolated from embryos obtained from three different litters.
3.9.
Laser capture microdissection C57BL/6J mouse embryos were harvested at e15.5, embedded in OCT and slowly frozen into OCT compound. PEN-membranes (Leica, Germany) were UV irradiated at maximum intensity for 30 min and 8 lm thick cryosections collected and kept at À80°C. Section staining was conducted as described by Potter and colleagues, except that PNA-FITC was used as the fluorescent label (Potter et al., 2007) . The structures of interest were laser dissected and isolated into RLT solution including 0.2% linear acrylamide (Ambion). The Leica AS LMD machine system was calibrated in order to perform a single cut for each structure identified. Total RNA was purified with the micro RNeasy kit (Qiagen) following the manufacturer's instructions.
Immunofluorescence staining of Vegfr2
E13.5 C57BL/6J mouse kidneys were isolated and fixed in 4% paraformaldehyde overnight at 4°C and then processed for paraffin embedding. Paraffin embedded tissues sections were deparaffinized in xylene and washed in 1· TBS. Sections were then treated with 3% hydrogen peroxide for 30 min and rinsed in 1· TBS, three times, 5 min each. Tissues were permeabilized in 1% SDS for 5 min then washed in 1· TNT buffer (0.1 M Tris pH 7.5; 0.15 M NaCl; 0.05% Tween 20), three times, 5 min each. The sections were blocked in TNB buffer (0.1 M Tris pH 7.5; 0.15 M NaCl; 0.5% blocking reagent supplied in TSA kit Perkin-Elmer NEL704A, Waltham, MA) for 30 min at room temperature prior to adding rabbit anti-vegfr2 antibody (1:200, dilution, Cell signaling cat # 2479, Danvers MA) overnight at 4°C. The sections were washed three times in 1· TNT buffer then incubated with rabbit anti-biotin (1:100 dilution, Vector Labs, Burlingame CA) and FITC-conjugated lectin D. biflorus (DBA, 1:50 dilution, Vector Labs, Burlingame CA) for 1 h at room temperature. DBA was used to detect UB derived tissue. The sections were washed in 1· TNT buffer then incubated with streptavidin HRP antibody (1:50) for 30 min at room temperature. The slides were washed three times for 5 min each in buffer TNT before treating with Cy3 conjugated Tyramide for 5 min at room temperature. The samples were washed three times in 1· TNT buffer, 5 min each and mounted in DAPI vectashield mounting medium (Vector Labs, Burlingame CA). The sections were analyzed using NIKON Eclipse TE2000-U microscope. Pictures were taken at 100·.
Statistical analysis
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